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Objective: To investigate the association between polymorphisms of TNF- o (rs1799724, rs1800629), VEGF
(rs3025039) and VEGFRI1 (rs 722503) and early onset preeclampsia (EOPE) in Chinese.

Methods: A total of 132 EOPE patients from January 2016 to December 2018 at the Second Hospital of Tianjin
Medical University were selected as the EOPE group, and 156 normal pregnant patients as the Control group. In
both groups, 5 ml of peripheral venous blood was obtained after admission. The characteristics of genotype and
allele distribution at the four SNPs in the study subjects were examined by matrix-assisted laser desorption
ionization time-of-flight mass spectrometric genotyping.

Results: The genotype frequency distribution and allele frequency distribution of rs1799724 were significantly
different between the EOPE group and the Control group (P = 0.002 , P = 0.003). The T allele was statistically
associated with the development of EOPE under a dominant genetic model (P = 0.001). The genotype and allele
frequency distributions of rs1800629, rs3025039, and rs 722503 did not differ significantly between the EOPE
group and the Control group (P > 0.05). There was no linkage disequilibrium among rs1799724, rs1800629 and
153025039 loci, the corresponding haploid cannot be formed.

Conclusions: The rs1799724 of TNF- a gene is a genetic susceptibility locus for EOPE and may be a potential

predictors of preeclampsia.

1. Introduction

Preeclampsia (PE) is a hypertensive disorder of pregnancy-specific
syndrome, and affects approximately 2%— 5% pregnant women [1,2].
PE can severely affect maternal and child health and is a major cause of
increased maternal morbidity and mortality [3]. Early-onset pre-
eclampsia (EOPE) refers to preeclampsia with onset before 34 weeks of
gestation. Early-onset, rapid progression, severe disease, and poor
prognosis are the characteristics of EOPE. Because EOPE occurs early
and severely compromises maternal and child health, it is now the focus
of research today. The pathogenesis of EOPE is extremely complex and
has not been elucidated, and clinical symptoms, once present, have
caused irreparable organ damage to the mother and child, seriously
compromising the health of the mother and child. Currently, there is
currently no effective treatment for EOPE, while the mainstay remains

symptomatic management. Therefore, the exploration of methods for
the early prediction of EOPE has become a research hotspot.

Genetic factors play a crucial role in the pathogenesis of EOPE.
Research on the genetic etiology of EOPE has made some progress. A
large number of single nucleotide polymorphisms (SNPs) in PE suscep-
tibility genes have been reported successively in studies conducted in
different countries and populations. But the results varied greatly be-
tween different studies, which may be related to the different back-
grounds of genetic factors in different ethnic populations [4]. However,
most studies suggest that multiple SNPs collectively contribute to the
onset and progression of EOPE and then determine the genetic suscep-
tibility to EOPE and the variability of drug response. The study of SNP
loci has important implications for the pathogenesis as well as for early
prediction of EOPE. Early risk prediction can reduce morbidity, mor-
tality, and improve clinical outcomes in patients with EOPE [5]. Tumor
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necrosis factor-a (TNF-a) and vascular endothelial growth factor (VEGF)
have been identified to be associated with placental vascular endothelial
injury, hemodynamic changes, and disturbed angiogenesis, and are
important contributing factors to the development of PE.

In this study, genetic polymorphisms of VEGF (rs3025039), VEGFR1
(rs 722503), and TNF- a (rs1799724, rs1800629) on chromosome 6
were investigated for their association with the development of severe
early-onset preeclampsia. The study of gene polymorphisms and genetic
immunological relationships may lead us to understand the pathogen-
esis of EOPE at the genetic level and provide a new basis for early pre-
diction and gene therapy of EOPE.

2. Subjects and methods
2.1. Study subjects

A total of 132 women with EOPE who were hospitalized and deliv-
ered in the Department of Obstetrics, Tianjin Medical University Second
Hospital between January 2018 and December 2020 were included in
this study. Written informed consent was obtained from each subject
before blood samples were taken.

The investigation protocol conformed to the Declaration of Helsinki
and was approved by the ethics committee of The Second Hospital of
Tianjin Medical University.

Data from 132 subjects with were collected in the EOPE group. The
patient’s diagnosis was performed according to the ISSHP classification,
diagnosis and management recommendations for international practice
[6]. The detailed diagnostic criteria were: gestational hypertension
(systolic blood pressure >140 mm Hg and/or diastolic blood pressure
>90 mm Hg) after 20 weeks of gestation, urinary protein > 300 mg / 24
h, or urinary protein (+) accompanied by upper abdominal discomfort,
headache, blurred vision, or other maternal organ dysfunction. All
subjects in the control group without hypertension [6].

Demographic data (including age, blood pressure, gestational weeks,
and body mass index), levels of albumin, and 24-h urine protein were
collected. Five milliliters of peripheral venous blood from all patients
were collected and placed in EDTA anticoagulant tubes and then frozen
at — 80 °C for DNA extraction. The details of the subjects in both groups
are shown in Table 1.

2.2. SNP selection and inclusion criteria

SNP inclusion criteria: (1) the SNP locus has demonstrated signifi-
cant association with PE in at least 2 or more independent studies; (2)
SNP loci with a minimum allele frequency greater than or equal to 1% in
the Chinese population; (3) The SNP loci studied are located in promoter
and exonic regions and have an impact on gene function. DbSNP data-
base were used in this study (http://www.ncbi.nlm.nih.gov/snp). Ulti-
mately, finally four SNPs (rs3025039, RS 722503, rs1799724,
rs1800629) were included.

Table 1

Comparison of baseline data between the two groups.
Variables Control group EOPE group P
n 156 132
Age (years) 30.89 + 5.38 30.21 + 4.93 0.263
Gestational weeks (wk) 32.24 + 2.68 39.21 £ 0.97 < 0.001
Body mass index (kg/m?) 32.09 + 2.95 28.04 + 3.89 < 0.001
Systolic blood pressure (mmHg) 163.18 + 19.60 114.58 £ 7.12 < 0.001
Diastolic blood pressure (mmHg) 111.75 + 15.17 76.02 + 5.30 < 0.001
Albumin (g/L) 29.29 + 3.29 37.48 £2.71 < 0.001
24-h urine protein (g/24 h) 10.30 + 6.75 0.00 £+ 0.00 < 0.001
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2.3. Genotyping by matrix-assisted laser desorption ionization time of
flight mass spectrometric

2.3.1. Primer design and synthesis

The gene sequence of VEGF (rs3025039), VEGFR1 (rs 722503) and
TNF-a(rs1799724, rs1800629) were obtained through the my Agena
website ( https://memory-beta.fandom.com/wiki/Agena). The Assay-
Designer 3. 1 software was used to design primers. PCR reaction primer
synthesis were performed by Beijing Liuhe BGI Technology Co., Ltd. and
shown in Table 2.

2.3.2. Genotyping

Genomic DNA from whole blood was extracted using Magnetic Bead
System (BioTeke Corporation Co.,Beijing, China) following the manu-
facturer’s instructions.

All the SNPs were obtained by the improved multiple ligase detection
reaction method. TYPER genotyping software 4. 0 was used to obtain the
relevant data and genotyping plots, after which data were exported and
saved.

2.4. Statistical methods

Plink analysis software (http://www.cog-genomics.org/plink/1.9/)
was performed for the SNP association analysis. The Hardy-Weinberg
equilibration was detected for the Control group. Chi-square (x?) tests
were applied to detect differences in the distribution of genotype fre-
quencies and allele genotype frequencies between the Control group and
the EOPE group. Logistic regression analyzes were performed with
dominant models and logistic regression analyses with recessive models.
Linkage disequilibrium and haplotype analyzes were performed using
Hapview analysis software (http://sourceforge.net/projects/haplovie
w/). The linkage disequilibrium between loci was examined by D'/r2.

3. Results
3.1. Hardy-Weinberg equilibrium testing in the control group

First, we analyzed whether the genotype frequency distribution of
each SNP locus in the control group was consistent with the Hardy-
Weinberg equilibrium. The frequency of VEGF (rs3025039), VEGFR1
(rs 722503) and TNF- a (rs1799724, rs1800629) was in Hardy-Weinberg
equilibration (P > 0.05). The results are detailed in Table 3.

3.2. TNF- a (rs1799724) genotype and allele in the two groups

The TNF- a (rs1799724) genotype frequencies of C/C, C/T, and T/T
were 68.2%, 31.1%, and 0.7% in the EOPE group cases and 84.6%,
14.1%, and 1.3% in the Control group, respectively, and the genotype
frequency distribution between the two group was statistically different
(P =0.002). The C allele frequency was 83.7% and the T allele frequency
was 16.3% in the EOPE group. In the Control group, the frequency of the
C allele was 91.7%, the frequency of the T allele was 8.3%, and the
frequency distribution of the T allele was significantly different between
the two groups (P = 0.003, OR=2.140).

The association between the T allele of TNF- a (rs1799724) and
EOPE was further analyzed under the dominant inheritance model. The
results showed that there was a statistical association between T allele
and EOPE under the dominant inheritance model (P = 0.001,
OR=2.567). However, these results were not found in recessive genetic
models (P = 0.662, OR=0.588). (Table 4).

The genotyping map of the TNF- a (rs1799724) in the blood of the
subjects are shown in Supplementary Figure 1.

3.3. TNF- a (rs1800629) genotype and allele in the two groups

There were no statistical differences in the TNF-o (rs1800629)
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Table 2
Primers applied in the analysis of SNPs in the study.
SNP_ID 2nd-PCRP 1st-PCRP UEP_SEQ
151799724 ACGTTGGATGCTATGGAAGTCGAGTATGGG ACGTTGGATGGTATTCCATACCTGGAGGTC GGGACCCCCCCTTAA
151800629 ACGTTGGATGAAGGAAACAGACCACAGACC ACGTTGGATGGATTTGTGTGTAGGACCCTG GCGGTTTTGAGGGGCATG
1s3025039 ACGTTGGATGATGGCGAATCCAATTCCAAG ACGTTGGATGACTCTGCGCAGAGCACTTTG TAATTCCAAGAGGGACC
rs 722503 ACGTTGGATGAGATTGTCCATGGCAAGGAG ACGTTGGATGATCCACCCTTTCCATTCCAC TTCAGACAGGACTGGAGGGAAGG
Table 3 Table 5
Hardy-Weinberg equilibration in the control group. Comparison of TNF-u (rs1800629) genotype and allele between the two groups.
Gene SN Genotype e P Variables Control EOPE x2 P OR (95%CI)
TNF-o 151799724 T/C 0.923 0.336 group group
TNF-a 151800629 A/G 1.251 0.263 n 156 132
VEGF 1s3025039 T/G 0.181 0.671 Genotype
VEGFR1 15722503 C/T 4.126 0.042 G/G 142(91.0) 120(90.9) 0.014 0.993 1(Reference)
A/G 13(8.3) 11(8.3) 0.999(0.432-
2.311)
A/A 1(0.6) 1(0.8) 0.84(0.052-
Table 4 13.655)
Comparison of TNF-a rs1799724 genotype and allele between the two groups. Allele
Control EOPE Xz P OR (95%CI) G 297(95.2) 251(95.1) 0.004 0.948 2.32250,455-
sroup sroup A 15(4.8) 13(4.9)
n 156 132 Dominant
Genotype model
c/C 132(84.6) 90(68.2) 12.093 0.002 1(Reference) G/G 142(91.0) 120(90.9) 0.001 0.973 0.986(0.439-
C/T 22(14.1) 41(31.1) 2.733(1.526- 2.213)
4.897) A/G+A/A 14(9.0) 12(9.1)
T/T 2(1.3) 1(0.7) 0.733(0.066- Recessive
8.209) model
Allele G/G+A/G 155(99.4) 131(99.2) 0.014 0.906 0.845(0.52-
T 26(8.3) 43(16.3) 8.581 0.003 2.140(1.276- 13.644)
3.591) A/A 1(0.6) 1(0.8)
C 286(91.7) 221
(83.7)
Dominant pathogenesis under a dominant genetic model and a recessive genetic
c ‘;OdeTl . oa(15.4 42318 10931 0.001  2.567(1454 model was analyzed respectively. And the results showed that the T
M+ (5.4 (31.8) ’ : 4'532§ el allele was not associated with EOPE (all P > 0.05) (Table 6). The gen-
c/C 132(84.6) 90(68.2) otyping of VEGF (rs3025039) in the blood of the subjects are shown in
Recessive Supplementary Figure 3.
model
T/T 2(1.3) 1(0.8) 0.191 0.662 0.588(0.053-
6.556) 3.5. VEGFRI (rs 722503) genotype and allele in the two groups
C/C+C/T 154(98.7) 131

(99.2)

genotype frequencies of G/G, A/G, and A/A in the EOPE group and the
distribution in the control group, respectively (P = 0.993). The fre-
quency of the G allele was 95.1%, the A allele was 4.9% in the EOPE
group, the frequency of the G allele was 95.2%, and the A allele was
4.8% in the control group, both of which were not statistically different
(P =0.948, OR = 0.975).

We further explored and analyzed the association A allele of TNF-a
(rs1800629) with EOPE pathogenesis under a dominant genetic model
and a recessive genetic model, respectively. And the results indicated
that the A allele was not associated with EOPE (all P > 0.05) (see Table 5
for details). The genotyping of TNF-a (rs1800629) in the blood of the
subjects are shown in Supplementary Figure 2.

3.4. VEGF(rs3025039) genotype and allele in the two groups

There was no statistical difference in the VEGF (rs3025039) geno-
type frequencies of C/C, C/T and T/T in the EOPE group and the dis-
tribution in the control group, respectively (P = 0.404). The frequency of
the C allele was 79.8%, the T allele was 20.2% in the EOPE group, the
frequency of the C and T allele was 81.7% and 18.3% in the control
group, both of which were not statistically different (P = 0.555, OR =
1.135).

The association of T allele of VEGF (rs3025039) with EOPE

There was no statistical difference in the VEGFR1(rs722503)

Table 6
Comparison of the VEGF (rs3025039) genotype and allele between the two
groups.

Variables Control EOPE $? P OR (95%CI)
group group

n 156 132

Genotype

c/C 105(67.3) 78(61.9) 1.813  0.404  1(Reference)

Cc/T 45(28.8) 45(35.7) 1.346(0.811-
2.234)

T/T 6(3.8) 3(2.4) 0.673(0.163-
2.775)

Allele

T 57(18.3) 51(20.2) 0.349  0.555  1.135(0.745-
1.729)

C 255(81.7) 201(79.8)

Dominant

model

C/T+ T/T 51(32.7) 48(38.1) 0.893 0.345 1.267(0.775-
2.070)

c/C 105(67.3) 78(61.9)

Recessive

model

T/T 6(3.8) 3(2.4) 0.484 0.486  0.610(0.149-
2.488)

C/C+C/T 150(96.2) 123(97.6)
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genotype frequencies of T/T, C/T and C/C in the EOPE group and the
control group (P = 0.149). There were no statistical differences between
the frequency of the T and A allele in the EOPE group and in the control
group (P = 0.042, OR = 0.677). There was no statistical association
between the VEGFR1(rs722503) T allele and EOPE either in a dominant
genetic model or recessive genetic model (all P > 0.05) (Table 7).

The genotyping of VEGFR1(rs722503) in the blood of the subjects
are shown in Supplementary Figure 3.

3.6. Linkage disequilibrium analysis

The r? value of the three loci on chromosome 6 (rs1799724,
rs1800629, rs3025039) is 0, and there is no linkage disequilibrium.
Therefore, the corresponding haploid cannot be formed, so the haploid
analysis cannot be performed (Fig. 1).

4. Discussion

Since the known TNF-a, VEGF and VEGFR play a decisive role in
EOPE pathogenesis [7] [8] [9]. Therefore, this study analyzed the
relationship of the above three genetic SNPs with EOPE. We found that
rs 1799724 was associated with an increased risk of EOPE. This study
contributes to the elucidation of the genetic basis of the pathogenesis of
EOPE. At the same time, it is also able to provide a theoretical basis for
early recognition, early intervention, and reduction of the complication
rate of EOPE, and even gene therapy for EOPE.

The TNF- a gene is located on chromosome 6. The promoter gene
polymorphisms of TNF- a have a close relationship with the occurrence
and development of preeclampsia [10,11]. TNF- o Gene polymorphisms
may have an effect on cytokine expression. Increased plasma TNF- o
expression levels can cause placental trophoblast apoptosis and release a
large number of coagulation factors, which contribute to the patho-
genesis of preeclampsia [12]. In this study, we investigated the SNPs at
rs1800629 and rs1799724. Among them, the genotype distribution at
rs1800629 was not statistically different between the EOPE group and
the control group.

However, Madhavi Puppala et al. [13] study on PE and control
subjects in northern India showed that the distribution of the
rs18000629 GG genotype was significantly different between PE case
(n=100) and control subjects( n=100) (P = 0.005), which was
inconsistent with the conclusion of our study. On the one hand, it may be
related to ethnic differences, or it may be related to the relatively small

Table 7
Comparison of VEGFR1(rs722503) genotype and allele between the two groups.

Variables Control EOPE ¥ P OR (95%CI)
group group

n 156 132

Genotype

T/T 99(63.5) 69(52.3) 3.814 0.149 1(Reference)

Cc/T 45(28.8) 48(36.3) 0.653(0.392-
1.088)

c/C 12(7.7) 15(11.4) 0.558(0.246-
1.265)

Allele

T 243(77.9) 186(70.5) 4.153 0.042 0.677(0.465-
0.986)

C 69(22.1) 78(29.5)

Dominant

model

T/T 99(63.5) 69(52.3) 3.683 0.055 0.631(0.393-
1.011)

C/T + C/C 57(36.5) 63(47.7)

Recessive

model

T/T + C/T 144(92.3) 117(88.6) 1.134 0.287 0.650(0.293-
1.443)

c/C 12(7.7) 15(11.4)
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sample size included in their research. Meanwhile, the studies of
Mohammadpour -Gharehbagh A [14], Zubor P [15] and Saarela T [16]
were consistent with the conclusions of this study. None of them fund
significant differences in the allele frequencies of rs1800629 between PE
and control subjects.

More importantly, we found that the rs1799724 locus genotype
distribution was statistically different (P = 0.002). There was a statis-
tically significant difference in the distribution of the T allele
(P = 0.003), indicating that the T allele significantly increased the risk
of EOPE. Under the dominant genetic model, CT / TT genotypes had a
significantly increased risk of developing EOPE compared to CC
(P = 0.001, OR= 2.567). Thus, it is seen that the T allele is the causative
factor for EOPE.

The pathogenesis of PE may be related to angiogenic pathways. The
gene of VEGF is also located on chromosome 6, and VEGF has a strong
promoting effect on endothelial cell growth [17,18]. VEGF single
nucleotide polymorphism changes can cause angiogenesis disturbance,
which in turn leads to the occurrence of PE [19,20]. VEGFR1 and
VEGFRZ2, the main receptors responding to VEGF, are mainly distributed
in the vascular endothelium and can stimulate endothelial cell growth
and improve vascular permeability [21]. It has been confirmed that
familial genetic variations of VEGFR may play a role in the PE patho-
genesis. In this study, the loci rs3025039 in VEGFA gene and rs722503
in VEGFA (FLT1) gene were screened for study. We found that there
were no statistical differences between the genotypes and the T allele of
rs3025039 and rs722503 in EOPE and control subjects. Therefore, it
showed that the loci rs3025039 and rs722503 were not associated with
genetic susceptibility to EOPE in the pregnant women we included.

But there is a contradiction in the current study on the relationship of
rs3025039 and rs722503 with EOPE. As in the study of Melissa D.
Amosco et al. [22] on Filipino pregnant women, the difference of allele
frequency distribution of rs3025039 between PE group (n = 150) and
normal control (n =175) is not statistically significant (P = 0.0626),
inferring that the SNP rs3025039 is not associated with PE in Filipino
pregnant women. Similarly, in an Iran study by Amin-Beidokhti M et al.
[23] also found that the rs3025039 and allele genotypes were not
significantly different. While, in the study of Sudanese women by Hamid
HM et al. [24], the rs3025039 SNP was significantly associated with PE
onset (P = 0.01), where the T allele was significantly higher in EOPE
group (P = 0.02). In 2016, Amosco M [25] et al. also showed that the
rs3025039C allele was associated with PE incidence (OR = 1.648) and
the C allele increased the risk of PE in Filipino pregnant women.

Similarly, mutually antagonistic conclusions emerge from studies on
rs722503. Melissa D. Amosco et al. [22] study in Filipino pregnant
women, the allele frequency distribution of rs722503 in the PE group
(n = 150) and the normal pregnant group (n = 175) was not statistically
significant. In contrast, Srinivas SK et al.[26], analyzed data from 489
black women and 117 white females data suggested that the rs722503
polymorphism is associated with PE incidence in them. It follows that
differences in human ethnicity may be key to the inconsistent conclu-
sions drawn from the current studies regarding rs3025039 and
1s722503.

For the results of linkage disequilibrium analysis, only loci with
D’> 0.8 and r? > 0.8 were in accordance with the strong linkage genetic
relationship, haplotypes could be constructed and analyzed for haplo-
type frequency difference. The r? values of three loci on chromosome 6
(rs1799724, rs1800629, rs3025039) in this study were 0, which did not
have a strong linkage genetic relationship and therefore could not
compose the corresponding haplotypes.

In conclusion, rs1799724 was associated with the risk of EOPE. Our
finding may be of some help for early prediction and intervention of
EOPE, and more studies are expected to further confirm this conclusion.
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